Background: People's Republic of China is one of the countries with the highest incidence of gastric cancer, accounting for 45% of all new gastric cancer cases in the world. Therefore, strong prognostic markers are critical for the diagnosis and survival of Chinese patients suffering from gastric cancer. Recent studies have begun to unravel the mechanisms linking the host inflammatory response to tumor growth, invasion and metastasis in gastric cancers. Based on this relationship between inflammation and cancer progression, several inflammation-based scores have been demonstrated to have prognostic value in many types of malignant solid tumors. Objective: To compare the prognostic value of inflammation-based prognostic scores and tumor node metastasis (TNM) stage in patients undergoing gastric cancer resection. Methods: The inflammation-based prognostic scores were calculated for 207 patients with gastric cancer who underwent surgery. Glasgow prognostic score (GPS), neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR), prognostic nutritional index (PNI), and prognostic index (PI) were analyzed. Linear trend chi-square test, likelihood ratio chi-square test, and receiver operating characteristic were performed to compare the prognostic value of the selected scores and TNM stage. Results: In univariate analysis, preoperative serum C-reactive protein (P0.001), serum albumin (P0.001), GPS (P0.001), PLR (P=0.002), NLR (P0.001), PI (P0.001), PNI (P0.001), and TNM stage (P0.001) were significantly associated with both overall survival and disease-free survival of patients with gastric cancer. In multivariate analysis, GPS (P=0.024), NLR (P=0.012), PI (P=0.001), TNM stage (P0.001), and degree of differentiation (P=0.002) were independent predictors of gastric cancer survival. GPS and TNM stage had a comparable prognostic value and higher linear trend chi-square value, likelihood ratio chi-square value, and larger area under the receiver operating characteristic curve as compared to other inflammationbased prognostic scores. Conclusion: The present study indicates that preoperative GPS and TNM stage are robust predictors of gastric cancer survival as compared to NLR, PLR, PI, and PNI in patients undergoing tumor resection.
Introduction
Gastric cancer remains a leading cause of cancer mortality, despite a decline in incidence worldwide. According to the International Agency for Research on Cancer (IARC), one million new cases of gastric cancer are diagnosed each year. Each year, gastric cancer causes over 700,000 deaths worldwide. 1 People's Republic of China is one of the countries with the highest incidence of gastric cancer, accounting for submit your manuscript | www.dovepress.com
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Pan et al 45% of all new gastric cancer cases in the world. In People's Republic of China, gastric cancer represents the third leading cause of cancer mortality, after lung and liver cancers. 2 Therefore, strong prognostic markers are critical for the diagnosis and survival of Chinese patients suffering from gastric cancer.
At present, surgery is the only proven effective treatment for gastric cancer. With earlier detection of gastric tumors, more and more patients benefit from initial diagnosis and improved surgical techniques. Currently, calculation of the tumor node metastasis (TNM) stage remains the major tool for clinical prognosis evaluation in gastric cancer. However, the accuracy of the TNM stage is limited due to individual differences in gastric cancer patients. Thus, there is an urgent need to establish optimal methods for surgical prognosis.
Recent studies have begun to unravel the mechanisms linking the host inflammatory response to tumor growth, invasion, and metastasis in gastric cancers. 3, 4 It is well known that the signaling networks required for tumor invasion and the influx of tumor-infiltrating lymphocytes produce various inflammatory cytokines and chemokines. 5, 6 These inflammatory cytokines, such as interleukin 6 (IL-6), in addition to tumor-associated inflammatory cells, such as neutrophils, contribute to tumor angiogenesis, invasion, and metastasis in the tumor, thereby worsening the prognosis of the patients. [7] [8] [9] [10] Additionally, it has been shown that blockade of inflammatory cytokines and chemokines greatly inhibits the progression of various tumors. 5 Based on this relationship between inflammation and cancer progression, several inflammation-based scores have been demonstrated to have prognostic value in many types of malignant solid tumors. The main scores include Glasgow prognostic score (GPS), [11] [12] [13] [14] [15] [16] [17] [18] neutrophil lymphocyte ratio (NLR), 19, 20 platelet lymphocyte ratio (PLR), 21, 22 prognostic nutritional index (PNI), 23, 24 and prognostic index (PI). 24, 25 These scores take into account the size, environment, and leukocyte ratio of the inflammatory lesion to create a predictive prognosis score. Previous studies have demonstrated that the GPS has superior prognostic value when compared to NLR, PLR, PI, and PNI in hepatocellular and other malignant cancers. 24, [26] [27] [28] Additionally, a preoperative high NLR score is also associated with poor survival in patients with gastric cancer. [29] [30] [31] [32] While many groups have shown that GPS is an independent risk predictor in gastric cancer, no studies have been done to include GPS in addition to PI, PNI, and TNM stage for comparison purposes. 31, 32 This would allow us to determine combinations of inflammation-based scores and TNM stage that may have high predictive values. To our knowledge, there are no studies elucidating which of these prognostic scores is more suitable in predicting outcomes in patients with gastric cancer undergoing surgery.
Therefore, we performed a retrospective study to comprehensively compare the prognostic value of preoperative inflammation-based prognostic scores (GPS, NLR, PLR, PI, PNI) and TNM stage in terms of overall survival (OS) and disease-free survival (DFS) in a cohort of Chinese gastric cancer patients.
Materials and methods
Patients and samples
This retrospective study included 207 patients who underwent resection of gastric cancer between June 2005 and September 2011 at the First Affiliated Hospital of Fujian Medical University. All the surgeries were performed by the same team. All blood samples were collected before the operation and all the postoperative specimens were histologically confirmed. None of the patients had distant metastases, preoperative chemotherapy or radiotherapy, or clinical evidence of infection or other inflammatory conditions (eg, vasculitis, rheumatoid arthritis) prior to surgery. Patients whose deaths were caused by reasons other than malignant stomach tumors or gastric cancer were also excluded from the study. The TNM staging was according to the TNM classification criteria from seventh edition of the American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UIUC). Ethical approval was obtained from the Research Ethic Committee of First Hospital of Quanzhou; informed consent was obtained from each patient.
In the case of stage II, III, and IV gastric cancers, adjuvant chemotherapy was performed for 4-6 weeks after surgery. A combination of fluorouracil, platinum, and anthracyclines were used according to the National Comprehensive Cancer Network guidelines. The chemotherapy was given once every 3 weeks for a total of six cycles. Only patients who had received at least four cycles of chemotherapy were regarded as receiving adjuvant chemotherapy after surgery.
Patient follow-up
Follow-up was performed for all 207 patients every 1-3 months for the first 2 years, every 3-6 months for 2-5 years, and every 6 months after 5 years following surgery until September 1, 2014. The follow-up included reviewing the patient's medical history, in addition to serum tumor marker measurement, B-scanning, and CT scanning. The period from the operation to the date of death was defined as the OS time. The recurrence of gastric cancer was defined as the occurrence of new lesions that were confirmed by imaging 
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Prognosis of inflammation scores and TNM stage in gastric cancer or histology examination. The period from the operation to the date of recurrence was defined as the DFS time. The median follow-up time was 37 months after operation and the interval ranged from 3 to 83 months.
Measurement of serum GPS, NLR, PLR, PNI, and PI
Prior to surgery, blood samples were collected and routine laboratory analyses of these prognostic markers were performed. The scores of GPS, NLR, PLR, PNI, and PI are given in Table 1 .
Defining prognostic value in TNM staging system
The accuracy of a prognostic system was related to homogeneity (comparable survival rate among patients with the same TNM stage), discriminatory ability (significant survival differences among patients with different TNM stages), and monotonicity of gradients (worse survival rate in patients with more advanced TNM stages compared to earlier TNM stages). 33 Homogeneity within each TNM stage was determined by the likelihood ratio (LR). The discriminatory ability and monotonicity of gradients of the staging system were quantified using linear trend (LT) χ 2 value as well as the area under the receiver operating characteristic (ROC) curve. Lastly, the independent contribution of each staging system to overall prediction of survival in the Cox model was evaluated by comparing the LR test in a reduced model when one stage system was removed and in the full model (all systems included). The higher the ratio, the higher prognostic value the corresponding staging system has.
statistical analysis
All the statistical analyses were performed using the SPSS 19.0 software for Windows (SPSS Inc., Chicago, IL, USA). Data with heterogeneity of variance were analyzed by rank sum test. All other data, unless otherwise noted, were analyzed by student's t-test. Comparison of OS and DFS rates were performed by χ 2 test and Fisher's exact probability. A one-way analysis of variance (ANOVA) was used to compare quantitative data among multiple groups. The postoperative survival rate was performed by Kaplan-Meier analysis and long rank tests to identify significance. Univariate and multivariate analyses were conducted using Cox proportional hazards model and the inspection level α=0.05. A comparison of categorical variables was performed by calculating the area under the ROC curve for 1-, 3-, and 5-year postoperative survival rates.
Cases that lacked survival data in the respective time periods were excluded. Significance was defined as P0.05.
Results
Patient characteristics
In our study, we report 140 (67.6%) males and 67 females (32.4%) with an average age of 64 years (standard deviation [SD] ±12). All patients suffered from gastric cancer and were in need of surgery. The postoperational histology study indicated 180 (87.0%) cases of gastric adenocarcinoma, 21 (10.1%) cases of mucinous adenocarcinoma, and 6 (2.9%) cases of signet ring cell carcinoma. Fifty-three (25.6%) patients had moderately to well-differentiated diffuse carcinoma, while 154 (73.4%) patients had poorly differentiated diffuse carcinoma. Therefore, our study shows a trend toward poorly differentiated diffuse carcinoma in our population. Proximal (cardia, fundus) carcinoma occurred in 92 (44.4%) cases, middle (gastric body) carcinoma in 49 (23.7%) cases, distal (antrum) carcinoma in 61 (29.5%) cases, multiple carcinomas in 3 (1.4%) cases, and remnant carcinoma in 2 (1.0%) cases. Based on the criteria of seventh edition of AJCC/UIUC, the following TNM stages were assigned: stage I, 16 patients (7.7%); stage II, 46 patients (22.2%); stage III, 136 patients (65.7%); and stage IV, 9 patients (4.3%). Therefore, the majority of patients enrolled in this study were stage III gastric cancer patients. The overall 1-, 3-, and 5-year survival rates after operation were 75.4%, 48.3%, and 27.5%, respectively, with an average survival time of 34 months. Five patients (2.5%) were lost to follow-up by the end of the survey on September 1, 2014. In most patients, gastric cancer returned after the initial surgery. One hundred and eight-five (91.6%) patients had recurrent gastric cancer, and the overall morbidity rate was 86.6% (175 patients). Patient data are detailed in Table 2 .
Correlation between prognostic scores, clinicopathological features, and Os rate Table 2 ). These markers are consistent with the correlation between prognostic scores, clinicopathological features, and OS rate, with the exception of weight loss, suggesting that the inflammation-based prognostic scores are consistent and may be used for OS as well as DFS rate.
Comparison of inflammation-based scores and TnM staging system
The LT and LR chi-square test were used to determine homogeneity, discriminatory ability, and monotonicity of gradients for inflammation-based scores (GPS, NLR, PLR, PI, and PNI) and TNM stage to compare the prognostic value of both in patients with gastric cancer. The results suggest that GPS prognosis was comparable to TNM stage. Both had significantly better homogeneity (higher LR χ 2 ), discriminatory ability, and monotonicity of gradients (higher LT χ 2 ) as compared to NLR, PLR, PI, and PNI (Table 3) . ROC curve analysis indicated that GPS and TNM stage had a markedly larger area under Abbreviations: lT, linear trend; lr, likelihood ratio; TnM, tumor node metastasis; GPS, Glasgow prognostic score; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; PI, prognostic index; PNI, prognostic nutritional index.
the curve than other inflammation-based prognostic scores (Table 4 , Figure 2 ). Overall, we demonstrated that GPS and TNM stage had similar prognostic value in patients with gastric cancer, and are superior to NLR, PLR, PI, and PNI scores.
Subgroup survival analysis of GPS scores and TnM stages in patients with or without adjuvant chemotherapy
Since our result showed that the prognostic values of GPS and TNM stage were superior to other inflammation-based 
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Prognosis of inflammation scores and TNM stage in gastric cancer scores, we performed subgroup survival analysis to examine whether adjuvant chemotherapy increased or decreased survival in a subgroup of patients with a specific GPS score and TNM stage. No patients in TNM stage I received adjuvant chemotherapy. However, adjuvant chemotherapy significantly increased the OS and DFS rates in patients with TNM stage II, III, and IV gastric cancer (Table 5) . Conversely, subgroup analysis of GPS scores suggested that adjuvant chemotherapy significantly prolonged the OS and DFS time in patients with GPS score of 0, but not with GPS score of 1 and 2 (Table 5) . Therefore, adjuvant therapy significantly increased overall and disease-free survival in patients with stage II, III, and IV gastric cancer, as well as in patients with a low inflammation-based prognostic score at onset.
Correlation between clinicopathological features and GPS score
Statistical analysis showed that weight loss (P=0.041), NLR (P0.001), PNI (P0.001), PI (P0.001), and TNM stage (P0.001) were significantly different among patients with differential GPS scores (Pan QX, unpublished data, 2014).
Compared to a GPS score of 0, patients with GPS score of 1 and 2 had more significant weight loss, higher NLR score, higher TNM stage, and less differentiated tumors. There was no statistically significant correlation between GPS scores and age, sex, carcinoembryonic antigen, PLR, histological type of cancer, differentiation, cancer volume, and position (Pan QX, unpublished data, 2014). Therefore, patients with a higher GPS score tended to have more severe disease, which we showed did not respond well to adjuvant chemotherapy.
Discussion
The aim of our retrospective study was to compare the systemic inflammation-based prognostic scores to the TNM stage and thus identify clinically useful prognostic factors for individualized treatment in patients undergoing gastric cancer resection. Our study has determined the GPS value to be comparable to TNM stage, suggesting that both are important markers for prognosis in patients undergoing resection. Both GPS and TNM stage are superior predictors of cancer survival as compared to NLR, PLR, PI, and PNI inflammation-based prognostic scores in patients undergoing resection of gastric cancer. These markers in combination may effectively provide individualized prognostic support for gastric cancer patients. Previous studies have shown that NLR is an independent prognostic factor for both early and late stages of gastric cancer. 29, 34, 35 Shimada et al 30 have demonstrated that a high preoperative NLR score correlates with a poor prognosis in gastric cancer. However, this finding is controversial. Lee et al 36 have shown that NLR and PLR are correlated to OS but not to cancer recurrence in patients with advanced gastric cancer receiving chemotherapy. Based on an analysis of 324 patients with stage III gastric cancer, Deshen et al showed that NLR was not an independent prognostic factor following surgery. 32 However, the differences in these studies may be due to the subset of preoperative and postoperative patients, as well as the specific stages of gastric cancer in the patients analyzed. In addition to NLR score, the optimal threshold score of neutrophil-based NLR is also controversial in the field of gastric cancer. While the above studies have shown that the threshold of NLR score is 2.5-5, Shimada et al 30 performed a retrospective high-quality study in 1,028 patients with gastric cancer and suggested the optimal NLR threshold to be 3-4. Our study also confirmed that NLR thresholds of 3 and 4 were clinically meaningful to predict survival. Using ROC curve analysis, we have shown that an NLR score of 4 is the optimal threshold to predict survival after surgery, suggesting that a higher neutrophil to lymphocyte ratio, consistent with increased inflammation, is more predicative of survival after surgery. Similar to other studies, we have demonstrated that NLR is an independent risk factor in Chinese patients with gastric cancer.
PLR has been shown to be an independent risk factor in other malignant cancers, such as pancreatic ductal adenocarcinoma, 21 colon cancer, 22 and ovarian cancer. 37 Studies from Dutta et al 31 and Deshen et al 32 have suggested that PLR does not have an independent prognostic value in gastric cancer, which we also confirm in the present study. However, as thrombocytosis has been demonstrated to be an independent risk factor in gastric cancer, 38 and is related to platelet ratio, it may be worthwhile to perform larger-scale studies to confirm whether PLR is an independent prognostic factor in gastric cancer.
While multiple studies have suggested a prognostic value for PI and PNI in various cancers such as lung cancer, 23 prostate cancer, 24 and hepatocellular cancer, 25 whether PI and PNI are risk factors in gastric cancer remains unclear. To the best of our knowledge, our current study is the first to show that preoperative PI has significant prognostic value and is an independent risk factor for the recurrence of carcinoma in patients with gastric cancer. Therefore, this marker in combination with other inflammatory markers may provide enhanced value for the prognosis of individual patients 
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Prognosis of inflammation scores and TNM stage in gastric cancer with gastric cancer. Although we found that an elevated preoperative PNI is also associated with poor survival in a univariate analysis, we determined it is not an independent prognostic indicator.
The GPS, an inflammation-based prognostic score based on serum CRP and albumin levels, has been implicated as a prognostic factor in various malignant solid tumors, including liver cancer, 17, 18 non-small-cell lung cancer, 11, 12 colorectal cancer, 15 ovarian cancer, 14 and renal cancer. 16 However, studies of GPS in the prognosis of gastric cancer are relatively rare because CRP is not routinely examined during treatment. Crumley et al have demonstrated that GPS is an effective and simple predictor of survival in patients with inoperable gastro-esophageal cancer. 39 In addition, a high GPS level was significantly correlated with poor prognosis in these patients with inoperable cancer. The authors further demonstrated that GPS was an independent risk factor in patients undergoing potentially curative resection of gastric cancer, while NLR and PLR were not. 31 Deshen et al 32 suggested a similar conclusion in patients with stage III gastric cancer who have undergone surgery. However, these conclusions did not include PI, PNI, and the most commonly used TNM staging system for comparison of prognostic value in patients with gastric cancer. Our study demonstrates that GPS, in addition to NLR, PI, and TNM stage, was an independent predictor of survival after surgery in patients with gastric cancer, as shown by multivariate analysis. Therefore, we were able to determine the GPS correlation in addition to several new correlations for prognostic values that have not been analyzed in concert previously. Additionally, the present study demonstrated that preoperative serum CRP, albumin, PLR, NLR, PI, PNI, and TNM stage were associated with OS and DFS. Patients with high CRP level, hypoalbuminemia, advanced TNM stage, and high scores of inflammation-based markers had poor OS and DFS both 3 and 5 years after surgery. Similar to the studies done in other solid tumors, 24, [26] [27] [28] the GPS score performed similarly to the TNM stage, and had significant higher prognostic value than NLR, PLR, PI, and PNI in patients with gastric cancer. To the best of our knowledge, our research is the first to include PI and PNI in the comparison of inflammation-based prognostic scores in patients with gastric cancer. Also, our study is the first to quantitatively compare the prognostic value of inflammation-based scores and TNM staging system in patients with gastric cancer.
Whether patients with gastric cancer will benefit from adjuvant chemotherapy after surgery remains controversial. While one study suggested that postoperative adjuvant chemotherapy was only able to increase survival in patients of earlier stages, 40 the CLASSIC research indicated that adjuvant chemotherapy increases survival in both earlier and advanced stages. 41 Our study showed that adjuvant chemotherapy significantly increased OS and DFS in both early and advanced TNM stages of gastric cancer. However, we found that adjuvant chemotherapy only benefited patients with preoperative GPS scores of 0, but not those with scores of 1 or 2, which is consistent with a similar study conducted in lung cancer. 23 Patients with elevated GPS scores have already presented with malnutrition and increased systemic inflammatory response, which is known to increase the toxicity of adjuvant chemotherapy by inhibiting drug metabolism. 23, 42 Therefore, these patients respond less to the adjuvant chemotherapy treatment and do not benefit from it. Recent studies also suggested that the addition of anti-inflammatory drugs during chemotherapy may be a new effective treatment to increase patient survival. 43 However, the mechanisms of how systemic inflammatory response affects adjuvant chemotherapy need to be further clarified in the future.
Besides increased NLR, PN, PI, and TNM stage, we found that elevated GPS was associated with increased weight loss in the patients. This is consistent with previous studies that describe how the systemic inflammatory response is related to progressive functional and nutritional decline as well as increased toxicity of adjuvant chemotherapy in cancer patients that can lead to a subsequent poor outcome. [44] [45] [46] [47] Our study confirmed that weight loss was associated with poor survival in patients who underwent resection for gastric cancer.
A few limitations should be recognized in this study, including small sample size, a single-center study, and short follow-up time. Larger-scale, multicenter, and prospective studies are therefore needed to confirm the results. In summary, the present study has demonstrated that GPS is an independent predictor of OS and DFS in Chinese patients with gastric cancer. Moreover, preoperative elevated GPS is significantly correlated with poor prognosis. The prognostic value of GPS was comparable to TNM stage and both were superior to other inflammation-based prognostic scores (PLR, NLR, PNI, and PI). We suggest that GPS score and TNM stage can be used together in tandem before surgery to provide more appropriate prediction on survival and more reliable information on treatment decisions for patients with gastric cancer.
